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INTRODUCTION 


Lycopersicon peruvianum (L.) Mill.,? a green-fruited wild tomato 
from South America, possesses several characters that would be 
valuable if they could be incorporated into tomato stocks possessing 
cultural size and quality. The determination of mosaic klendusity 
in a collection of L. peruvianum var. dentatum Dun. (L. chilense Dun.) 
and the successful hybridization of this collection with L. esculentum 
Mill. by Holmes (8, 9) * stimulated interest in this species as a potential 
source of desirable economic characters. Virgin (25), Blood (3), and 
others reported -collections of L. peruvianum to be resistant. to curly 
top, and Wright and Lincoln (28) and others found some collections 
to be resistant to defoliation diseases. Bailey (2) and others reported 
nematode resistance in this species. Alexander, Lincoln, and Wright ® 
surveyed this and other species in the genus Lycopersicon for reactions 
to several tomato diseases. Smith (23) and others reported that some 
collections of L. peruvianum are resistant to spotted wilt. Reynard 
and Kanapaux (21) and Lincoln and others (/2) stated that this 
species contains considerably more ascorbic acid than does L. esculen- 
tum. Yeager and Purinton (30) recently reported high ascorbic acid 
content in lines derived from a cross between L. esculentum and L. 
peruvianum. 

Observations on natural infestations among mixed species plantings 
at Cheyenne, W yo., indicated that, like the commercial tomato, 
Lycopersicon peruvianum is attacked by tomato psyllids (Paratrioza 
cockerelli (Sulec)) but, unlike the commercial tomato, it does not 
develop marked symptoms of psyllid yellows. 

F, hybrids were obtained fairly readily from crosses of Lycopersicon 
esculentum with certain collections of L. peruvianum by Holmes (9), 

1 Received for publication October 7, 1947. 

2 Thanks are extended to Paul Hepler, formerly junior scientific aid, Division 
of Fruit and Vegetable Crops and Diseases, for able assistance with all phases of 
the experimental work in 1944 and 1945; to Paul Desjardins and Robert Hildreth, 
formerly junior scientific aids, who made the pollinations in 1946; and to Mary 
E. Riner, formerly scientific aid, who recorded the data in 1946. 

3 The species name, unless stated otherwise, is used herein in its broad sense and 
includes the typical species and its varieties. 

4 Italic numbers in parentheses refer to Literature Cited, p. 52. 

5 ALEXANDER, L. J., Lincotn, R. E., and Wriacurt, V. A SURVEY OF THE 
GENUS LYCOPERSICON FOR -tsigala i TO THE IMPORTANT TOMATO DISEASES 
OCCURRING IN OHIO AND INDIANA. S. Bur. Plant Indus., Plant Dis. Rptr. 
Sup. 136, 6, pp. (51-85. 1942. ‘Processed 
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Wright and Lincoln (28), Yeager and Hepler (29), Virgin (26), and 
Lesley and Lesley (11). Certain other collections of L. peruvianum 
did not respond to the usual techniques of hybridization. Cross- 
pollinations between L. esculentum and this type of L. peruvianum 
made by the writer at the University of Missouri, Columbia, Mo., in 
1935 failed to produce seeded fruits, as did those of Lesley (10), 
MacArthur and Chiasson (/5), and several other workers at various 
locations. Hybridization of L. esculentum with collections that do 
not cross readily is desired because such collections have factors for 
resistance that do not occur in those that do cross readily with L. 
esculentum. 

V. R. Boswell® suggested to the writer that hybrids between 
Lycopersicon esculentum and “difficult” collections of L. perurianum 
might be obtained more readily at the Cheyenne Horticultural Field 
Station at Cheyenne, Wyo., than at other locations. The environ- 
mental conditions there are particularly favorable for fruit setting 
and seed production in the tomato (18). Since 1943, when these 
investigations were started, Smith (22) and McFarlane, Hartzler, and 
Frazier (16) have reported hybrids from crosses of ‘“difficult’’ collec- 
tions of L. peruvianum with L. esculentum by culturing young embryos 
from immature fruits on aseptic culture media. Porte and Walker 
(20) have obtained hybrids by using a small-fruited collection of 
L. esculentum, and Cooper and Brink (5) have obtained viable seeds 
from the cross tetraploid L. pimpinellifolium x diploid L. peruvianum. 
The results of the writer’s experiments are reported herein. 


MATERIALS AND METHODS 


In preliminary experiments with diploids in 1943, two collections 
of Lycopersicon peruvianum (P. I.” 126944 and P. I. 128645 *) that 
were known to cross with L. esculentum with difficulty or not at all 
were cross-pollinated reciprocally with several horticultural varieties 
of L. esculentum® and with L. pimpinellifolium (Jusl.) Mill. P. I. 
79532. Many fruits and a few abortive seeds, but no hybrid seed- 
lings, were obtained. These data are not reported in detail. After 
the failure to obtain hybrids from cross-pollinations between diploid 
races, experiments were conducted with diploid and tetraploid races. 

The varieties Danmark (/) (early, determinate) and Waltham 
Forcing (early, indeterminate) were used to represent Lycopersicon 
esculentum because they are prolific and early in pot cultures in the 
greenhouse at Cheyenne and would therefore yield more data per 
unit of space and per unit of time than other varieties. L. peruvianum 
P. I. 128645 was used in crosses with both of these horticultural 
varieties. Tetraploid seedlings of each of these three varieties were 


obtained from seeds soaked in colchicine solution as reported else 
where (4). - 


6 Principal horticulturist, Division of Fruit and Vegetable Crops and Diseases. 

7P. I. is used herein to indicate plant introductions imported through the 
Division of Plant ee and Introduction or its precursors. 

8 Received from H. L. Blood, formerly plant pathologist, Division of Fruit 


and Vegetable Crops and Diseases. 


® Bay State, Bonny Best, Bounty, Break o’Day, Danmark, Earliana, Globe, 
Oxheart, Ponderosa, and Waltham Forcing. 


1 Obtained from Burnett-Seedsmen, Inc., New York, N. Y., 1943. 
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In 1943 and 1944 the plants were obtained directly from colchicine- 
treated or nontreated seeds. All plants from treated seeds that were 
used in the breeding work were identified as tetraploids by chromosome 
counts at meiosis in acetocarmine smears of pollen mother cells. 
Because the autotetraploids were readily identified by the gross 
morphological characters described by Winkler (27) and others, it 
was necessary to count the chromosomes only in plants actually used 
in the breeding work. Three plants of each variety from nontreated 
seeds were similarly identified as diploids. In 1943 only diploid races 
of Lycopersicon esculentum and diploid and tetraploid L. peruvianum 
were available. In the experiment conducted in the greenhouse 
during the winter of 1944, 30 tetraploid plants and 12 diploid plants 
of each variety of L. esculentum and of L. peruvianum were used. 

For later experiments, conducted in the greenhouse in 1945 and 
1946, seedlings from self-pollinated tetraploids and diploids of Lyco- 
persicon esculentum and of L. peruvianum were used. Three or more 
plants of each line were verified as tetraploid or diploid by chromo- 
some counts. In addition, a few plants of diploid and tetraploid 
L. pimpinellifolium P. I. 79532 and its diploid and amphidiploid 
(allotetraploid) " hybrid with L. esculentum variety Marglobe were 
used in crosses with L. peruvianum. The tetraploids and amphidip- 
loids were obtained from colchicine-treated seeds. These and the 
diploids were identified by chromosome counts. L. pimpinellifolium 
and its hybrid with L. esculentum were used to determine whether 
they might serve as bridges in the attempt to transfer chromosome 
material from L. peruvianum to L. esculentum. 

A few plants were grown in the field, but most of them were grown 
in 2-gallon, glazed-stone jars or 7-inch clay pots of soil in the green- 
house. The plants cultured in the greenhouse were maintained in a 
vigorous condition by adding 100 ml. of a nutrient solution contain- 
ing 200 p. p. m. of N and 100 p. p. m. each of P and K made from 
commercial ammonium sulfate, treble superphosphate, and potassium 
sulfate at approximately 10-day intervals. 

In preliminary experiments in both the field and greenhouse polli- 
nations were made on emasculated flowers (except those selfed) that 
were protected from contamination by foreign pollen with paper or 
cloth bags. In later experiments performed entirely in the green- 
house such contamination was controlled by other methods. The 
plants were sorted into groups according to use; the pistillate parents 
were separated from the staminate ones by space on the greenhouse 
bench. Some plants were used alternately as staminate and pistillate 
parents by transferring them from one group to the other. With a 
few exceptions (see p. 44) all flowers on the pistillate parents were 
emasculated on the day before normal anthesis. The success of this 
method of control was demonstrated by the very rare occurrence of 
contamination under conditions in which such contamination could 
be readily determined. 


"1 Although the tetraploid hybrid from Lycopersicon esculentum X L. pimpinelli- 
folium produces progenies that segregate unit characters in ratios typical of auto- 
tetraploids, the present usage of species names is followed and the 48-chromo- 
some hybrid is therefore considered to be an amphidiploid (allotetraploid) rather 
than a tetraploid (autotetraploid). 














Figure 1.—Seed masses compressed in petri dishes to show the arbitrarily 
selected size classes of tomato ovules and seeds: A, Class 1, ovules barely or 
not at all enlarged; B, class 2, ovules slightly enlarged; C, class 3, ovules 
moderately enlarged; D, class 4, indicated by arrows, ovules much enlarged 
(poorly filled seeds); E and F, class 5, seeds large, plump. The larger seeds in 
D also belong to class 5. The actual crosses that were made to obtain the 
ovules and seeds shown were as follows: A, 2n L. esculentum 2 X 4n L. esculen- 
tum o'; B, 2n L. esculentum 9 X 2n L. peruvianum o@;C, 4n L. esculentum 2? X 
4n L. peruvianum o'; D, 4n L. esculentum 9 X 2nL. peruvianum o'; E, 2n L. 
esculentum selfed; F, 4n L. esculentum selfed. X 5.4. 
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Pollen was collected on alcohol-cleaned, dry slides with the use of 
an electric vibrator and placed on the stigmas on the day anthesis 
would normally occur and again 2 days later. Some flowers were 
pollinated the day before and the day after anthesis. Usually two or 
three flowers but occasionally more were used on a single cluster; 
the unused flowers were removed before anthesis. Flowers on the 
staminate parents were self-pollinated at the time pollen was col- 
lected for the cross-pollinations. 

To determine the relative sizes of ovules or seeds, the seed mass in 
each fruit was removed to the lid of a 90-mm. petri dish and the 
inverted dish was pressed against the seed mass to render the indi- 
vidual ovules or seeds readily visible. In most cases the ovules and 
seeds were grouped into the five arbitrary size classes shown in 
figure 1. The size classes shown were used for rating seed masses 
from fruits of diploid Lycopersicon esculentum. For rating seed 
masses from other pistillate parents, large seeds in fruits from self- 
pollinated flowers of the respective pistillate parents were considered 
to be size 5. The extra large, plump seeds from tetraploid L. 
esculentum selfed (fig. 1, F) were considered to be size class 5 for this 
pistillate parent. 

RESULTS 


Because similar results were obtained from all trials of any one 
type of cross-pollination that was repeated, the data from all experi- 
ments have been summarized (table 1) and are discussed together, 
The data in table 1 are grouped according to the chromosome com- 
plements of the plants crossed to agree with the sequence in the dis- 
cussion. Although minor differences occurred, Danmark, Waltham 
Forcing, and other commercial varieties yielded similar results in all 
combinations; the data from them are therefore combined under 
Lycopersicon esculentum. This procedure necessitated the use of 
weighted averages for the fruit weights and average numbers of 
seeds in fruits. The weighted averages were obtained by using equal 
numbers of fruits of Danmark and Waltham Forcing as composite 
samples. Although size 5 seeds frequently produced larger percent- 
ages of seedlings than did size 4 seeds, the data on size 4 and size 5 
seeds, including the average numbers in a fruit and the percentages 
that produced seedlings, were combined for brevity. 


SELF-POLLINATED DIPLOIDS 


Self-pollinated flowers of diploid races of Lycopersicon esculentum, 
L. pimpinellifolium, and their F,; hybrid set fruits with normal com- 
plements of well-developed seeds during both the summer and the 
winter (fig. 1, H, and table 1). The seed number in the hybrid was 
intermediate between the seed numbers in the parent species. Self- 
pollinated and naturally pollinated flowers of diploid L. peruvianum 
set fruits with normal complements of well-developed seeds during 
the summer, but they failed to set fruits or set fruits with few seeds 
during the winter (table 1). In addition to the results reported in 
table 1, 110 self-pollinated flowers on 6 plants produced 7 small, 
single-seeded fruits during the winter of 1943 and naturally pollinated 
flowers set no fruit. These results were obtained whether the flowers 
were pollinated first at anthesis or 1 or 2 days before anthesis. 
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The unfruitfulness of diploid Lycopersicon peruvianum during the 
winter apparently resulted from the effect of environmental factors 
on the young pistil or on the flower after pollination. Detrimental 
effects of high temperature comparable with those reported by Lesley 
and Lesley (11) would not seem to be the limiting factor in these 
experiments. The plants were vigorous and flowered profusely. The 
flowers appeared to be normal at anthesis and produced abundant 
pollen that functioned in crosses with L. esculentum. Furthermore, 
the day temperature in the greenhouse during the winter usually was 
kept within the range 75° to 85° F. and exceeded 90° for only brief 
periods on sporadic occasions. Day temperature in the greenhouse 
during the summer, when this species sets fruits, was usually somewhat 
higher and exceeded 90° frequently. No irregularities were observed 
in meiosis in the pollen mother nf of plants on which chromosome 
counts were made. The failure of diploids of this species to set fruits 
during the winter and their ability to set abundant seeded fruits in 
both the greenhouse and the field at Cheyenne during the summer 
suggest that light may be an important factor. 

he percentages of seedlings produced by seeds of the diploid races 
planted in steamed soil served as checks for evaluating the percentages 
0! seedlings produced by other seeds. 


SELF-POLLINATED TETRAPLOIDS 


Relatively fewer self-pollinated flowers of tetraploid Lycopersicon 
esculentum set fruits than did those of the diploid in the winter, but 
they set fruits as readily in the summer (table 1). The fruits of the 
self-pollinated tetraploids were smaller and contained fewer but 
larger seeds (fig. 1, /) than the fruits of the corresponding diploids. 
Relatively fewer of the seeds of the tetraploids planted in steamed soil 
produced seedlings than did those of the corresponding diploids. 
The tetraploid seedlings grew more slowly and were readily dis- 
tinguished by their thicker stems and broader cotyledons. 

These results are in agreement with those obtained from. autotetra- 
ploids of other varieties of Lycopersicon esculentum by other investi- 
gators. Upcott (24) attributed the low fertility of autotetraploid 
L. esculentum to the formation of quadrivalents and numerical non- 
disjunction at meiosis. This was supported experimentally by Oka’s 
(19) report that 8 percent of the seeds from self-pollinated tetraploids 
yielded heteroploid seedlings with 49 to 54 chromosomes. Lindstrom 
and Koos (/4) attributed extreme sterility in a tetraploid derived from 
a haploid to complete homozygosity. It is of interest to note the 
relatively numerous seeds in fruits of tetraploid plants of the Danmark 
and Waltham Forcing varieties used in the present experiments. 
Danmark yielded an average of 41.3 seeds in size classes 4 and 5 in 
fruits from tetraploid plants derived from colchicine-treated seeds 
and an average of 30.0 seeds in fruits from plants derived from the §S, 
(first selfed) generation. These tetraploids were obtained from several 
diploid plants in a line that had been inbred for 10 generations after 
it was received at the Cheyenne station. Tetraploid plants of Wal- 
tham Forcing were obtained from diploid plants in a line inbred for 2 
generations after it was received. Fruits from these plants obtained 
from colchicine-treated seeds yielded an average of 44.5 seeds; those 
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from the S; generation yielded 42.7 seeds. Probably the degree of 
homozygosity in these inbred lines does not approach that in the 
tetraploid derived from the haploid. 

The tetraploids of Lycopersicon pimpinellifolium yielded results 
similar to those obtained from L. esculentum except that the weight 
of the tetraploid fruits was as great as that of the diploid L. pimpinel- 
lifolium or greater (table 1). There were fewer seeds in a fruit, of 
course, than in a fruit of L. esculentum. 

The amphidiploid hybrid between Lycopersicon esculentum and L. 
pimpinellifolium yielded results similar to those obtained from the 
parent species except that its truit weight was definitely greater than 
that of the diploid hybrid (table 1). Although the proportion of self- 
pollinated flowers that set fruits was as high in the amphidiploid as in 
the diploid, the average number of seeds in a fruit was considerably 
lower. High fertility of the amphidiploid from this species cross has 
been reported by Lindstrom and Humphrey (13). 

In contrast with flowers of diploid Lycopersicon peruvianum, the 
self-pollinated and naturally pollinated flowers of tetraploid L. 
peruvianum set seeded fruits readily in the greenhouse during the 
winter. Individual plants in 7-inch clay pots produced as many as 
100 fruits. The tetraploids also set fruits in the field and greenhouse 
during the summer. The fruits were approximately twice as heavy 
as seedy fruits of the diploid. These results contrast with those 
obtained on fruit size in diploid and tetraploid L. esculentum and L. 
pimpinellifolium in these and other investigations. 

The seeds were fewer and larger in fruits of tetraploid Lycopersicon 
peruvianum than in fruits of the diploid. As in the diploid, the num- 
ber of seeds varied in different plants. Some of the tetraploids in 
the S, generation had only 1 or 2 seeds in a fruit. These may have 
been similar to the unfruitful. autotetraploids ot L. esculentum re- 
ported by Lindstrom and Humphrey (13); or they may have been 
heteroploids similar to those obtained by Oka (19). Chromosome 
counts were not made on the §, plants with exceptionally few seeds. 
Observations on meiosis in 3 of their more fertile sibs and in 30 
tetraploids derived directly from colchicine-treated seeds showed that 
1 pair of chromosomes frequently fails to synapse (fig. 2) or lags on 
the spindle at anaphases I and II in pollen mother cells. Seedling 
emergence of the self-pollinated tetraploids was less and somewhat 
slower than that of the self-pollinated diploids. However, the tetra- 
ploid seedlings were larger than the diploid ones and had thicker stems 
and broader cotyledons. The growth rate of tetraploid L. perwnanum 
seedlings approached that of its diploid, and its initial size advantage 
was maintained during early growth. 

The results from the self-pollinations serve as a basis for evaluating 
those from the cross-pollinations. 


DIPLOIDS X TETRAPLOIDS (INTRASPECIFIC) 


A few intraspecific cross-pollinations were made between diploid 
and tetraploid races for comparison with the interspecific crosses. 
Five fruits set by 6 flowers of diploid Lycopersicon esculentum polli- 
nated with pollen from its tetraploid contained only abortive ovules 

795720—48——2 
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in size classes 1, 2, or 3 (fig. 1, A, B, and C). Twelve fruits set by 14 
flowers of tetraploid L. esculentum treated with pollen from its diploid 
contained abortive ovules and 6 seeds. The seeds were similar in 
appearance to those obtained from self-pollinated tetraploid L. 
esculentum. They produced triploid seedlings. These results are in 
agreement with those reported by Cooper and Brink (6). 

Although self-pollinated flowers of diploid Lycopersicon peruvianum 
usually failed to set fruits during the winter, 1 single-seeded fruit was 
obtained from 10 flowers of this race treated with pollen from tetra- 
ploid L. peruvianum. This seed produced a triploid plant that was 
intermediate between the diploid and tetraploid plants in appearance. 


Figure 2.—Early anaphase I in microsporocytes of tetraploid Lycopersicon 
peruvianum showing unpaired chromosomes that failed to reach the plate area 
and were left in the cytoplasm. X 696. 


DIPLOIDS X DIPLOIDS (INTERSPECIFIC) 


As in earlier experiments, emasculated flowers of diploid plants of 
all of the varieties of Lycopersicon esculentum set fruits readily if pol- 
linated with pollen from diploid L. peruvianum (table 1). Similar 
results were shtained if pollen from diploid L. peruvianum was applied 
to emasculated flowers of diploid L. piecninslifolvon or of its F, hy- 
brid with L. esculentum. Most of the fruits contained ovules that were 
slightly or moderately enlarged (fig. 1, B and C). These failed to 
yield viable seedlings in steamed soil in the greenhouse. Selected size 
3 ovules removed from ripe fruits and from young fruits 20 days after 

‘pollination and planted under aseptic conditions on nutrient-salt- 
dextrose agar also failed to show any indications of growth. The 
histological studies of Cooper and Brink (4) indicated that such ovules 
do contain small embryos. Furthermore, Smith (23) secured hybrid 
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seedlings from excised embryos that were removed from young fruits 
and cultured aseptically, and McFarlane, Hartzler, and Frazier (16) 
optained seedlings from similar ovules cleaned of ovarian residue but 
left intact. Possibly growth of the embryos was inhibited by the 
surrounding ovarian tissue in the studies reported herein, although an 
effort was made to remove fruit residue from the ovules by rubbing 
them on a sterile wood surface. 

Four seeds classified in size classes 4 and 5 were obtained from 81 
fruits from cross-pollinations between diploid Lycopersicon esculentum 
and diploid L. peruvianum (table 1). One of these seeds was similar 
in appearance to those from the self-pollinated diploid L. esculentum. 
As it yielded a seedling like the pistillate parent, it may have resulted 
from chance contamination by a single pollen grain of L. esculentum 
or from development of an unfertilized diploid megagamete. The other 
3 seeds were extra large, green, and apparently immature. Two seeds 
of this type also occurred in single-seeded fruits from the cross between 
the diploid L. esculentum X L. pimpinellifolium F; hybrid and diploid 
L. peruvianum. The similarity of these seeds to those from the suc- 
cessful crosses between cicagleid L. esculentum and diploid L. peru- 
vianum (p. 45) suggests that they may have resulted from fertiliza- 
tion of diploid megagametes. Like the latter, these seeds contained 
well-developed endosperms and small but differentiated embryos. 
The embryos were too weak to break through the seed coats of the 
intact seeds on moist blotters in a seed germinator. They enlarged 
after they were dissected from the seed coats and placed on clean 
blotters, but they failed to produce mature plants. 

As in earlier experiments, flowers of diploid Lycopersicon peruvianum 
emasculated and treated with pollen from diploid L. esculentum failed 
to set fruits (table 1). The failure to obtain fruits from this cross dur- 
ing the winter probably is not significant because self-pollinated flowers 
of diploid L. peruvianum rarely set fruits during this season. How- 
ever, flowers cross-pollinated during the summer, when self-pollina- 
tions were successful, dropped a few days after anthesis, as did emascu- 
lated, nonpollinated control flowers. During the winter of 1943 
emasculated flowers of diploid L. peruvianum were pollinated with 
pollen from diploid L. esculentum and induced to set by applying to the 
pedicels 0.1-percent indolebutyric acid in lanolin emulsion. In 33 
fruits (not included in table 1) obtained by this technique most of the 
ovules had enlarged very little or not at all. Two plump seeds pro- 
duced in these fruits yielded seedlings identical with the pistillate 
parent. These results indicate that cross-fertilization did not occur. 
Whether this resulted from failure of the haploid pollen tubes of L. 
esculentum to grow normally in the diploid pistils of L. perurianum 
was not determined. 


TETRAPLOIDS X TETRAPLOIDS (INTERSPECIFIC) 


Tetraploid Lycopersicon esculentum, tetraploid L. pimpinellifolium, 
and their amphidiploid hybrid pollinated with pollen from tetraploid 
L. peruvianum yielded results similar to those obtained from the 
same type of pollination with diploids (table 1 and fig. 1, B and C). 
Most of the fruits contained size 3 ovules. Six shriveled seeds in 
size class 4 obtained from 121 fruits from these crosses failed to yield 
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viable seedlings. They were not green like the seeds from the cross 
between diploids, but they were not dissected for comparison of 
internal tissues. Possibly the amphidiploid (allotetraploid) hybrid 
between L. esculentum and L. peruvianum could be obtained from 
this type of cross by Smith’s (23) embryo-culture technique. 

Emasculated flowers of tetraploid Lycopersicon peruvianum polli- 
nated with pollen from tetraploid L. esculentum usually failed to set 
fruits (table 1). The few fruits that did set were much smaller than 
control fruits from self-pollinated flowers and contained nonenlarged 
ovules. Twelve fruits were set by 22 emasculated, cross-pollinated 
flowers late in the pollinating period when lower clusters of nonemascu- 
lated flowers on the same plants were cross-pollinated. These flowers 
and fruits were not included in table 1 because it seems likely that small 
amounts of pollen from the nonemasculated flowers reached the stigmas 
of some or all of them. Of the 12 fruits, 5 contained size 2 and size 
3 ovules and 7 contained small numbers of plump seeds. Only 
tetraploid L. peruvianum seedlings were obtained from these plump 
seeds, indicating that some or all of the 12 fruits were set as the result 
of chance self-pollination. Although some of the fruits were seedless, 
it is not certain that they were set as the result of the application of 
pollen from tetraploid d esculentum; they may have resulted from 
stimulation by pollen tubes from pollen of tetraploid L. peruvianum 
that reached the stigmas too late to permit fertilization and seed 
development to occur. 

Numerous technical difficulti¢és were encountered in the manipula- 
tion of both diploid and tetraploid Lycopersicon peruvianum as pistillate 
parents in crosses. The styles on these plants were long, slender, 
and curved, and the anthers were not easily separated from the abun- 
dant hairs on the bases of the styles. During emasculation the styles 
frequently broke off at the point of attachment to the ovary. After ap- 
parently successful emasculation of flowers the day before anthesis would 
occur, the long slender styles frequently dried out before the petals 
reflexed; these were not pollinated. A small proportion of the cross- 
pollinated flowers of tetraploid L. peruvianum recorded in table 1 
may have dropped as a result of the drying of the styles after pollina- 
tion, but most of them retained healthy styles for several days. There 
was little indication that stimulation followed applications of pollen 
from tetraploid L. esculentum. The flowers usually dropped 3 to 7 
days after anthesis. Three very small fruits with nonenlarged ovules 
were obtained. 

Because of the difficulties mentioned, pollen from tetraploid Lyco- 
persicon esculentum was used on nonemasculated flowers of tetraploid 
L. peruvianum. The flowers were pollinated as soon as the styles 
extruded from the staminal cone, and pollinations were repeated daily 
until anthesis. An effort was made not to disturb flowers that had 
begun to shed pollen. It was considered possible that ovary stimula- 
tion and self-fertilization in a few ovules after self-pollination with a 
few pollen grains might permit fertilization in some ovules by micro- 
gametes from the applied L. esculentum pollen and the development 
of these ovules containing hybrid embryos. Flowers so treated usually 
dropped a few days after anthesis or remained attached to the plants 
without ovary enlargement. A few produced fruits containing various 








July 15, 1948 Sesquidiploid F, Hybrids of Lycopersicon 45 





numbers of plump seeds and ovules of different sizes. The latter 
contained complements of ovules and seeds similar to those in fruits 
from naturally pollinated flowers. Seeds from fruits that contained 
17 (half the number obtained in fruits from self-pollinated flowers) 
seeds or fewer were planted in steamed soil in the greenhouse. None 
of the resulting cia was a hybrid; all were fertile L. peruvianum 
tetraploids comparable with those obtained after self-pollination. 

The results from emasculated and nonemasculated flowers indicated 
that tetraploid Lycopersicon esculentum was impotent as a fruit-setting 
agent on tetraploid L. peruvianuwm. Whether this resulted from 
failure of fertilization to occur, from failure of the diploid pollen 
tubes of L. esculentum to grow in the tetraploid styles of L. peruvianum, 
or from some other cause was not determined. This type of cross- 
perenne showed little promise as a means of obtaining species 
a DIPLOIDS X TETRAPLOIDS (INTERSPECIFIC) 


Emasculated flowers of diploid Lycopersicon esculentum, diploid L. 
pimpinellifolium, and their diploid F; hybrid treated with pollen from 
tetraploid L. peruvianum set fruits readily. Most of the fruits con- 
tained ovules that were slightly to moderately enlarged (table 1 and 
fig. 1, B and C); the ovules were similar in appearance to those in 
fruits from cross-pollinations between lines with equal chromosome 
numbers. Four fruits from the L. esculentum parent contained three 
seeds in size class 4 and seven seeds in size class 5. These were 
similar in appearance to seeds in these size classes from self-pollinated 
L. esculentum, but they failed to produce seedlings in steamed soil. 

Most of the flowers of diploid Lycopersicon peruvianum pollinated 
with pollen from tetraploid L. esculentum failed to set fruits. The 
tesults obtained during the winter probably are not significant, be- 
cause self-pollinated flowers of diploid L. peruvianum rarely set fruits 
during this season. However, similar results were obtained during 
the summer when self-pollinated flowers set readily. Eight small 
fruits from this cross-pollination contained nonenlarged ovules (table 
1). This cross-pollination showed little promise as a means of 
obtaining hybrids. 


TETRAPLOIDS X DIPLOIDS (INTERSPECIFIC) 


Flowers of tetraploid Lycopersicon esculentum pollinated by diploid 
L. peruvianum set fruits as readily as self-pollinated flowers (table 1). 
The average weight of these fruits was greater than that of fruits set 
on either sae or tetraploid L. esculentum fiom applications of 
pollen from any other source (table 1). Tetraploid L. pimpinellifolium 
if used as the pistillate parent yielded similar results. A lower per- 
centage of the flowers of the amphidiploid hybrid L. esculentum X L. 
pimprnellifolium F, set fruits, but the weight data were similar. 

In contrast with fruits from other cross-pollinations, the fruits from 
these crosses contained some large, plump seeds (table 1 and fig. 1, 
D). These seeds differed in shape from those following self-pollina- 
tions (compare fig. 1, D and F). They had a distinctive green color 
that contrasted Rivaty with the light brown of seeds frem self-polli- 


nated diploid and tetraploid Lycopersicon esculentum and L. pimpi- 
nellifolium and with the reddish brown of seeds from self-pollinated 
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diploid and tetraploid L. peruvianum. With a few exceptions pre- 
viously noted (p. 43), the enlarged ovules or seeds in fruits from other 
cross-pollinations did not possess this green color. 

The large, green seeds from these successful crosses appeared to be 
immature. It was noted that the period from anthesis to fruit and 
seed maturity was considerably longer in diploid and tetraploid 
Lycopersicon peruvianum (70 to 80 days) than in diploid and tetra- 
ploid L. esculentum (50 to 60 days) under the conditions of these 
experiments. Fruits from cross-pollinated flowers picked ripe and 
stored in brown paper bags in the laboratory at 65° to 70° F. for 30 
days yielded brown seeds that were apparently more nearly mature. 

Comparatively few seeds classified as sizes 4 and 5 from the success- 
ful cross tetraploid Lycopersicon esculentum X diploid L. peruvianum 
produced seedlings (table 1). Higher percentages of seedlings were 
produced from seeds left in the fruits for 90 days after pollination than 
from those removed as soon as the fruits were ripe. On dissection, 
seeds that failed to germinate were found to have well-developed 
endosperms and comparatively small embryos. These embryos were 
apparently slow in initiating growth and too weak to break the seed 
coats. 

The hybrid plants from this successful cross were vigorous and had 
morphological characters intermediate between those of the parents 
(fig. 3). In appearance they were very similar to those described by 
Porte and Walker (20). Counts of chromosomes at meiosis in 8 
plants showed that these hybrids had 36 chromosomes. These 
counts and those of chromosomes in the parents (48 chromosomes in 
tetraploid Lycopersicon esculentum and 24 chromosomes in diploid L. 
peruvianum) showed that the hybrids were sesquidiploids (7, p. 275) 
(allotriploids) that contained 2 sets of chromosomes (24) from L. 
esculentum and 1 set of chromosomes (12) from L. peruvianum. 

Vigorous hybrids were obtained also from the cross amphidiploid 
Lycopersicon esculentum X< L. pimpinellifolium F, x diploid L. 
peruvianum. These plants could not be distinguished readily from 
plants from the cross tetraploid L. esculentum X diploid L. peruvianum. 
Although these plants might be expected to vary in appearance 
because of variations in the relative numbers of L. esculentum and 
L. pimpinellifolium chromosomes they contained, such variation was 
not observed among 10 plants grown in pots in the greenhouse. 

No seeds from the cross tetraploid Lycopersicon pimpinellifolium 
diploid L. peruvianum were planted. 

Most of the flowers of tetraploid Lycopersicon peruvianum pollinated 
by diploid L. esculentum dropped a few days after pollination (table 1). 
Apparently, diploid LZ. esculentum functions poorly as a fruit-setting 
agent on tetraploid L. peruvianum. One fruit from this cross contained 
47 size 4seeds. These seeds failed to produce seedlings from plantings 
made in steamed soil. Similar results had been obtained in earlier 
experiments. These results suggest that this cross may yield hybrids 
from repeated trials or by the use of other parental varieties or tech- 
niques. However, seeds from fruits set by nonemasculated, cross- 
pollinated flowers produced only tetraploid L. peruvianum seedlings. 
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Ficure 3.—Tomato plants grown in the greenhouse, Cheyenne, Wyo., summer, 
1945: A, Tetraploid Lycopersicon esculentum; B, sesquidiploid; C, diploid L. 
peruvianum. 
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VARIATION IN LINES OF DIPLOID LYCOPERSICON PERUVIANUM P. I. 128645 


Differences were obtained in the average number of seeds in fruits 
from crosses between tetraploid Lycopersicon esculentum and diploi«| 
L. peruvianum P. I. 128645 in the winter and in the summer (table 1). 
In the summer similar differences occurred in crosses involving 
different inbred lines from the same introduction of L. peruvianum. 
These data are presented in greater detail in table 2. The 12 §, 


TABLE 2.—Results from pollinations of tetraploid Lycopersicon esculentum (varieties 
Danmark and Waltham Forcing), tetraploid L. pimpinellifolium, and tetraploid 
L. esculentum X L. pimpinellifolium F, with pollen from different inbred lines 
of diploid L. peruvianum P. I. 128645 in the greenhouse at Cheyenne, Wyo. 
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plants of diploid LZ. peruvianum used during the winter and the 9 S» 
plants used during the summer all had their origin in a single plant 
of L. peruvianum P. 1. 128645 self-pollinated in the greenhouse in 
1943. The 9 S, plants used in the summer consisted of 3-plant 
progenies from 3 field-grown sibs of the 12 S, plants used in the 
earlier experiment. Considerable variation occurred in stem, leaf, 
fruit, and seed characters in the S, generation grown in the field. 

Tetraploids of Lycopersicon esculentum varieties Danmark and Wal- 
tham Forcing produced relatively few seeds in fruits from flowers 
treated with pollen from lines 5 and 7 of diploid L. peruvianum P. I. 
128645. Larger numbers of seeds were produced in fruits of these 
varieties, especially Waltham Forcing, from flowers pollinated with 
pollen from line 6. Similar results were obtained if pollen from these 
lines was used on flowers of tetraploid L. pimpinellifolium. Pollen 
from all three lines produced relatively large numbers of seeds in 
fruits set on the amphidiploid species hybrid. 

There was little indication that these differences were caused by 
differences in meiotic instability in the different lines comparable with 
that reported by Lesley and Lesley (11). Although meiosis was not 
studied extensively in this material, chromosome counts demonstrated 
that all nine plants used here were normal diploids and no irregularities 
in meiosis were observed. Chromosome distribution at anaphases I 
and II was normal. Differences in average number of seeds in fruits 
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set by self-pollinated flowers did occur, but all nine plants produced 
abundant viable seeds. 

The variation in efficiency of pollen in crosses with tetraploid Lyco- 
persicon esculentum and L. pimpinellifolium among plants of diploid 
L. peruvianum P. I. 128645 and the variation in morphological char- 
acters in a field-grown progeny from a single plant both indicate 
considerable genetic diversity in this plant introduction. This is in 
agreement with the polymorphic nature of this species of Lycopersicon 
as described by Muller (17). 


TETRAPLOID LYCOPERSICON ESCULENTUM X DIFFERENT COLLECTIONS OF DIPLOID 
L. PERUVIANUM 


Taxonomic studies, plant-breeding experiments, and disease-reac- 
tion studies all indicate the diverse genetic nature of different collec- 
tions of Lycopersicon peruvianum. It was therefore considered desira- 
ble to determine how different collections of it would respond in 
crosses with tetraploid L. esculentum. In the summer of 1946, three 
collections received as typical L. peruvianum P. 1. 126926, P. I. 126944, 
and P. I. 128656 and two collections received as L. peruvianum var. 
dentatum P. 1..128645 and P. I. 128654 were used as pollen parents in 
crosses with tetraploid L. esculentum varieties Danmark and Waltham 
Forcing.” 

There were considerable differences in the distribution of fruits 
among classes based on the size of the largest seed contained in each 
fruit (table 3). Many of the fruits set from flowers pollinated by 


TaBLE 3.—Results from pollinations of tetraploid Lycopersicon esculentum by 
different collections of diploid L. peruvianum in the greenhouse at Cheyenne, 
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Lycopersicon peruvianum P. I. 126944 and P. I. 128645 contained seeds 
in size classes 4 and 5. Seeds were less numerous in fruits from the 
former cross. Relatively fewer of the fruits set from flowers pollinated 
by P. I. 126926 contained seeds and most of these were placed in 
size class 4. Fruits set from flowers pollinated by P. I. 128656 and 
P. I. 128654 rarely contained seeds in size classes 4 and 5. Some 


2 PI. 126434 and-P. I. 126949, received as Lycopersicon glandulosum, were also 
used. The plants from both seed samples produced red fruits and were mor- 
phologically identical with L. pimpinellifolium. They reacted like diploid L. 
pimpinellifolium in crosses with diploid and tetraploid L. esculentum as reported 
by Caoper and Brink (4); that is, they were cross-fertile with diploid L. esculentum 
and nearly cross-sterile with its tetraploid. 
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extra large, plump seeds with the characteristic appearance of seeds 
containing sesquidiploid embryos were obtained from each cross. 

- These results indicate that sesquidiploid hybrids can be obtained 
from crosses between tetraploid Lycopersicon esculentum and various 
collections of diploid L. peruvianum and its varieties. However, the 
differences obtained from crosses involving different collections suggest 
that the degree of interfertility of a particular collection in such crosses 
cannot be predicted from present knowledge of this group. 


DISCUSSION 


Many workers have attempted to cross diploid Lycopersicon escu- 
lentum with diploid LZ. peruvianum and its varieties with varying 
degrees of success (p. 33). All collections of the 2 species that have 
been reported, including those reported herein, that have been studied 
cytologically have been found to have 12 pairs of chromosomes. The 
F, hybrids would therefore be expected to have 24 chromosomes (the 
diploid number). Lesley and. Lesley (11) obtained diploid hybrids 
from crosses between diploid L. sea Mh and Holmes’ collection of 
L. peruvianum but obtained both triploid and amphidiploid plants 
in progenies derived from them. Dermen ™ found one of Porte and 
Walker’s hybrids to be triploid. 

The experiments reported herein demonstrate that sesquidiploid F, 
hybrids with 2 chromosome sets (24) from Lycopersicon esculentum and 
1 chromosome set (12) from L. peruvianum can be obtained with 
relative ease. These results are in accord with those obtained by 
Cooper and Brink (4) from crosses between L. pimpinellifolium and 
L. peruvianum P. I. 128646 and P. I. 128649. 

n practical breeding work it seems likely that the diploid and the 
sesquidiploid hybrids offer two modes of attack on the problem of 
incorporating into economically valuable tomatoes genetically con- 
trolled ability either to produce high ascorbic acid concentration or to 
exhibit disease resistance. The diploid hybrid may offer the possi- 
bility of exchange of chromosomes or parts of chromosomes between 
Lycopersicon peruvianum and L. esculentum. This is suggested by the 
cytological studies of Lesley and Lesley (11), who found apparently 
normal pairing at diakinesis and first metaphase in the diploid hy- 
brids of L. esculentum X L. peruvianum and quadrivalent associations 
in amphidiploids. If pairing in the diploid hybrid is comparable with 
that observed in the parents, it should be possible to obtain new 
diploid forms from backcrosses to L. esculentum by using methods 
suggested by Smith (23). 

he sesquidiploid offers the possibility of obtaining an entirely 
different type of tomato. Whether the 36 chromosomes form 12 
trivalents, 12 bivalents and 12 univalents, or combinations between 
these extremes, most of the spores would have about 18 chromosomes 
with greater and smaller numbers occurring at lower frequencies. 
Lagging univalents would result in higher proportions of spores with 
the lower numbers of chromosomes. Occasional spores with 12 
Lycopersicon esculentum chromosomes and 1 or 2 L. peruvianum 


13 Haig Dermen, associate cytologist, Division of Fruit and Vegetable Crops 
and Diseases, in personal discussion in 1943. 
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chromosomes should occur. From self-pollinations or from cross- 
pollinations with diploid L. esculentum these should yield aneuploids 
with 25 or 26 chromosomes (2n + 1 and 2n + 2). The aneuploids 
in turn should yield on selfing 26-chromosome plants with 13 pairs 
of chromosomes. Although aneuploids could occur in progenies 
from diploid F, hybrids, they might be expected to occur more 
frequently in progenies from sesquidiploids. Of 12 possible aneuploid 
lines of this type some should be fertile and have potential value as 
cultigens with disease resistance or high vitamin content. If the 
aneuploids should prove to be sterile, they would still have value in 
determining the genetic factors involved in disease resistance. Such 
knowledge would be invaluable in the attack on the problem of utilizing 
disease resistance from this species in practical breeding programs. 

A breeding program with the objective of obtaining aneuploid 
tomato lines has certain advantages and certain limitations that do 
not apply to a breeding program with the objective of obtaining diploid 
lines. With the latter objective it is possible that progress will be 
limited by sterility and testing difficulties in segregating populations. 
On the other hand, the possible number of new combinations may 
approach infinity. Regardless of how many offspring are obtained, 
tested, and found wanting in some essential character, there is always 
the possibility that a new individual with a new genotype will combine 
the desired potentialities. 

With aneuploid lines as the objective, the breeding and testing 
programs may be simplified. Once obtained, a 26-chromosome (13- 
pair) aneuploid line should breed true, except for possible difficulties 
caused by the formation of trivalents or tetravalents and irregular 
chromosome distribution at meiosis. The aneuploid lines would 
permit the use of line tests rather than individual plant tests for fer- 
tility, disease resistance, high vitamin content, and other characters. 
When these characteristics have been determined for any one aneu- 
ploid line, the potential value of that line is thereby established. The 
potential number of 26-chromosome lines is, of course, limited. 

Although natural aneuploid species or varieties are not known in the 
genus Lycopersicon, natural aneuploid series are known in other 
species or genera in many plant families including the Solanaceae. 
Gerstel (6) produced potentially valuable aneuploid lines in Nicotiana. 
The assumption that aneuploid tomato varieties can be produced from 
species hybrids is therefore supported by evidence from other genera. 


SUMMARY 


Interspecific cross-pollinations were made between diploid and 
tetraploid races of Lycopersicon esculentum and L. peruvianum 
P.I. 128645. Similar crosses were made by using L. pimpinellifolium 
or its F, hybrid with L. esculentum in place of L. esculentum. Tetraploid 
L. esculentum was also pollinated by diploid L. peruvianum P. I. 
128654, P. I. 126926, P. I. 126944, and P. I. 128656. Each collection 
and tetraploid race was also self-pollinated. 

Viable sesquidiploid seedlings were obtained from the cross tetra- 
ploid Lycopersicon esculentum pollinated by diploid L. peruvianum P. I. 
128645. dimilar results were obtained from tetraploid L. pimpinelli- 
folium and its amphidiploid hybrid with L. esculentum pollinated by 
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the same collection of ZL. peruvianum. Seeds similar to those obtained 
from these crosses were obtained from tetraploid L. esculentum polli- 
nated by L. peruvianum P. I. 126926, P. I. 126944, P. I. 128654, and 
P. I. 128656. 

Other cross-pollinations produced no fruits or produced fruits with 
aborted ovules that failed to germinate from plantings of entire ovules 
or seeds in steamed soil or on an agar culture medium under aseptic 
conditions. 

Marked seasonal variation in fruit-setting ability was found in 
diploid Lycopersicon peruvianum P. I. 128645, but not in its auto- 
tetraploid derivative or in diploid or tetraploid races of L. esculentum 
or L. pimpinellifolium. Variations were found also in morphological 
characters ening. number of seeds per fruit in inbred diploid lines 
of L. perurianum P. I. 128645. These inbred lines also varied in 





seed-producing efficiency in crosses with tetraploid L. esculentum. 
Similar, but greater, differences in seed-producing efficiency in such 
crosses were found among different collections of L. peruvianum. 

Fruit size of tetraploid Lycopersicon peruvianum exceeded that of 
the diploid. Fruit size of tetraploid ZL. esculentum exceeded that of 
the diploid only in fruits set by flowers pollinated by diploid L. 
peruvianum. 
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SEASONAL VARIATION OF CAROTENE AND OTHER 
NUTRITIONALLY IMPORTANT CONSTITUENTS IN THE 
TWO PASTURE GRASSES DALLIS AND CARPET? 


By J. R. Kuppers, formerly assistant in dairy nutrition, L. L. Rusorr, associate 
dairy nutritionist, and D. M. Seatu, head, Dairy Research Department, Louisi- 
ana Agricultural Experiment Station? 


INTRODUCTION 


Carpet grass (Awonopus affinis Chase) and Dallis grass (Paspalum 
dilatatum Poir.) are species of considerable economic importance in 
the Gulf coastal plain region. Since information concerning their 
composition is meager, analyses were made to determine the trends 
of carotene, protein, lignin, cellulose, calcium, phosphorus, ash, and 
moisture in the two grasses. The samples were collected from a 
pasture which was fertilized, clipped for weed control, and was being 
closely grazed according to a rotational system over a growing season 
of 9 months. A comparison was made of the behavior of the two 
species with respect to the constituents determined, and the data were 
examined for interrelationships between the trends of the different 
constituents, with special reference to carotene. 


REVIEW OF LITERATURE 


The factors which have been said to influence the carotene content 
of plants are: Stage of maturity (28),* drought (/6, 78), intensity 
of light and temperature (2), and intensity of grazing (13,23). In 
general, the work of others bears out the statement made by Virtanen 

(27) in 1936 that the carotene content of plants is closely related to 
eis. that optimum growth occurs simultaneously with maximum 
carotene content, and that factors which retard growth affect the caro- 
tene content adversely. 

The crude protein content of plants has also been found to decline 
consistently with advancing stages of maturity, and highly significant 
correlations have been obtained between the crude carotene and crude 
protein content of several grasses and grains (9, 14, 15, 22, 23, 26). 


* Received for publication November 5, 1947. 

? The analyses for crude protein reported herein were performed by Frances L. 
Bonner, and the ether extraction of the grass samples, prior to the determination 
of lignin, was made by Clayton C. Moreland, both of the Feeds and Fertilizer 
Laboratory of this station. Stephen Lichtblau, official in charge, Weather 
Bureau, U. S. Department of Commerce, New Orleans, La., furnished much of 
the meteorological data presented in this paper. 

* Italic numbers in parentheses refer to Literature Cited, p. 62. 
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Determinations of the content of lignin and cellulose by different 
methods have indicated that both constituents increase steadily with 
advancing stages of growth (19, 20, 24). 

Reports that the phosphorus content of plants decreases with the 
more advanced stages of maturity are reasonably consistent. The 
calcium content of grasses, on the other hand, has been found by some 
workers to increase (8, 12), by others to decrease (4, 7, 21), and by 
still others to be quite variable (13, 24) as the plant approaches 
maturity. Investigations of the effect of rainfall on the calcium and 
phosphorus content of grasses are generally in agreement with the 
statement that the phosphorus content is directly proportional while 
the calcium content is inversely proportional to rainfall. Hart and 
Guilbert (7), however, have reported that leaching decreased the 
content of both minerals. 


PROCEDURE 


The experimental pasture from which the grass samples were col- 
lected is located on a farm at Mount Hermon in Washington Parish, 
La. The predominant soil type is Cahaba fine sandy loam. Since 
1941 the pasture had received phosphorus and potash fertilizers semi- 
annually, with dolomitic limestone (30.3 percent CaO, 21 percent 
MgO) applied in the fall of 1941 and 1944 at the rate of 2 tons per 
acre. During the fall of 1945 preceding this experiment applications 
were made of calcium metaphosphate (60 percent P.O,, 25.8 percent 
CaO) at the rate of 200 pounds per acre and muriate of potash (50 
percent K,O) at 100 pounds per acre. The pasture was clipped peri- 
odically to control weeds. It supported principally white Dutch and 
hop clovers, and carpet, Dallis, and Bermuda grasses. 

During the growing season, March to November 1946, samples of 
carpet and Dallis grass were gathered on 10 different days. Between 
the first and second collections there was an interval of 2 weeks, and 
between the second and third and the third and fourth collections 
there was an interval of 3 weeks. Thereafter the interval was 4 weeks. 

Twenty to one hundred grams of fresh material from each species of 
grass were gathered from four plots of 0.8 acre each, two of which had 
been plowed every 2 years and two of which had not been cultivated. 
The plots were being closely grazed to a height of about 3 inches, 
in rotation, by dairy cattle. Each plot was systematically sampled in 
a random manner by crisscrossing. Whole stems of the plants were 
clipped individually with a jackknife approximately 1 inch above the 
base of the plant. The samples were intended to represent the green 
forage available for grazing at the time of sampling. No dead 
material was gathered and areas surrounding dung heaps were 
avoided. At times cattle were grazing on a plot when the samples 
were taken. 

The fresh material, 1 to 5 inches in length, was cut into 14-inch 
lengths with shears, and a 5-gm. sample was used for the carotene 
determination. The other analyses were made on the air-dry mate- 
rial which had been ground to pass a 1-mm. mesh sieve. 

Carotene was determined by the method of Moore and Ely (16), 
crude protein by multiplying the total Kjeldahl nitrogen by 6.25 (1), 
lignin and cellulose by the method of Crampton and Maynard (53° 


and calcium and phosphorus by the method of Morris, Nelson, and 
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Palmer (17). A 500° C. ash was obtained (7). The loss of moisture 
on air drying at room temperature and the loss on heating at 100° C. 
for 5 hours under a pressure not exceeding 100 mm. of mercury (1) 
were recorded. 

Precipitation was recorded on the experimental pasture, and tem- 
perature data were obtained from the United States Weather Bureau 
station at Tylertown, Miss., about 15 miles from the pasture. 

Coefficients of correlation between the trends of some plant constit- 
uents were computed. 


RESULTS 


Table 1 gives the range and averages by collection dates of the con- 
tent of crude carotene, crude protein, lignin, cellulose, calcium, phos- 
phorus, and ash in Dallis and carpet grasses collected during the 
growing season of 1946 from the experimental pasture. 

The average carotene content of carpet grass (table 1) did not vary 
greatly throughout the season, except for a decided rise to a maximum 
value of 257 p. p.m. in July. A minimum of 94 p. p. m. occurred in 
April. The over-all trend of carotene in Dallis grass was downward 
from a maximum average of 464 p. p. m. in April to a minimum of 113 
p. p. m. in September. Two prominent breaks in this trend were 
noted ; one came in July, when the value rose to a secondary maximum 
of 403 p. p. m., and the other in October with a tertiary maximum of 
312 p. p. m. 

Protein values of carpet grass showed no detectable trend. A maxi- 
mum average of 12.8 percent was found in June and a minimum of 
8.5 percent in April. For Dallis grass the average protein content 
followed a regular downward trend from a maximum of 18.6 percent 
in March to a minimum of 9.1 percent in September. There was a 
subsequent rise in October to 14.9 percent. 

Lignin showed a steady increase in both species with minimum aver- 
age values of 10.1 percent for carpet grass and 12.5 percent for Dallis 
grass in the spring and with maximum values of 15.3 percent for 
carpet and 19.9 percent for Dallis in the fall. 

Cellulose values for both species followed a trend similar to that for 
lignin, with the exception of a marked decline in October from the 
September values. Minimum average values were 31.1 percent for 
carpet and 29.6 percent for Dallis; maximum average values were 
38.1 percent for carpet and 42.3 percent for Dallis. 

The calcium content of carpet grass showed no definite trend. The 
maximum and minimum average values were 0.44 and 0.31 percent, 
respectively. In Dallis grass calcium decreased steadily from a maxi- 
mum of 0.55 percent in March to a minimum of 0.29 percent in Sep- 
tember, followed by a marked increase in October to 0.41 percent. 

Phosphorus values for both species were low in April, rising to a 
maximum average of 0.49 percent for carpet and 0.69 percent for 
Dallis in May, then declining steadily to a minimum of 0.34 percent 
for carpet and 0.31 percent for Dallis in September. A subsequent rise 
was found in October to a value of 0.39 percent for both species. 

Ash values for both species followed trends similar to those for 


phosphorus. Maximum average values were 8.75 percent for carpet 
and 10.86 percent for Dallis. Minimum average values were 5.82 
percent for carpet and 6.79 percent for Dallis. 
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Carotene in Dallis and Carpet Grasses 59 
The moisture content of carpet and Dallis grasses was high in the 
late fall and after periods of heavy rainfall. The seasonal average 
values were 68.1 percent for carpet and 72.5 percent for Dallis grass. 
Meteorological data for the period of the investigation are shown in 
table 2. ' 


TABLE 2.—Meteorological data for the growing season of 1946 





Daily temperatures ! 
Mean 
Rainfall 2 length 
Mean Mean of day * 
maximum | minimum 








Hours and 


72; 3 minutes 

Mar. 29-Apr. 7 : 8 f 0 12:32 
Apr. 8-Apr. 28 : 57 7 13:02 
I i ik oe nla ahd as we aninioaienl whine 5 a 13:36 
I I Woah sacl. dcdewnes suds ovbeckunwade RE 2.3 14:02 
2G bs wad andogucoekuackatataseil 3. 14:01 


0 VE >. iT Si ES ag ca SR Se f 2:07 
Oct. 8-Nov. 6. g : 11:33 

















! Temperatures as recorded by the U. 8S. Weather Bureau at 'ylertown, Miss., about 15 miles from the 
experimental pasture. 

? Rainfall data as recorded on the experimental pasture at Mount Hermon, La. 

5 Length of day (sunrise to sunset) taken from dete compiled by the U.S. Naval Observatory. 


TABLE 3.—Coefficients of correlation (r) interrelating the content of carotene, 
protein, lignin, cellulose, and calcium in carpet and Dallis grasses collected 
during the growing season of 1946 from an improved pasture in Louisiana 
under actual grazing conditions 


Species Number of comparisons Protein Lignin Cellulose 





Dallis MEINE 5. ck = ca saddedesinon be beellpap —.561** 


~|)}40—Lignin Rpearent Rey. 
COMBI... . 3 eon +. 788** 
jefe MOR TERS TELE pee eee AE +.521* 


r r 
fetes Ws 2 a Ce +0. 727** —0. 525** 


33—Protein 5 
<5 A SRIRIR EG SS a PR: aa paces 
33—Calcium........-...----.... 

















*Indicates P<0.01; **indicates P<0.05. 


Coeflicients of correlation interrelating the content of carotene, pro- 
tein, lignin, cellulose, and calcium are presented in table 3. Highly 
significant correlations were found between crude carotene and crude 
protein, and lignin and cellulose for Dallis grass, while only a signi- 
ficant correlation was found between crude carotene and crude protein 
for carpet grass. 

DISCUSSION 


Two common methods of gathering plant material from pastures 
or range lands for seasonal studies are (1) collecting the herbage 
according to stage of growth and (2) mowing a selected plot at set 
intervals. The method used in this investigation was similar to the 
latter except that the material was collected from a plot which was 
being heavily grazed by dairy cattle, and the grasses were collected 
from the same plot in an uncontaminated condition, 100 percent pure, 
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with respect to species. Material collected by this method necessarily 
contains a mixture of several stages of growth. The quantity of the 
more advanced stages of growth collected at any one time depends 
upon the rate at which growth matures and the rate at which new 
growth is stimulated from one collection date to the next. There 
were no extremely mature plants in the collections since the pasture 
was mowed three or four times during the season to control weeds. 

It has been reported by many workers (13, 14, and others) that the 
carotene content of grasses is highest in young, rapidly growing 
plants. Thus, in studying an actively growing pasture in which 
vegetation eaten by the grazing animal is continually being replen- 
ished by new growth, it is to be expected that carotene content should 
be highest during the periods that are most favorable for rapid 
growth of the plants. If we choose that portion of the 1946 season 
most favorable for rapid growth according to the carotene content, 
it is seen that the early spring was best suited for Dallis grass, while 
midsummer was best suited for carpet grass (table 1). 
~ In the present investigation the response of carotene content to 
rainfall was unpredictable. Decided rises in carotene content with 
increasing rainfall occurred only during the hot months when a re- 
duction of illumination might have proved favorable for pigment 
production. Also, an increased carotene content occurred with the 
shorter and cooler days of fall. Thus, the data presented herein are 
not inconsistent with the suggestion of Beck and Redman (2) that 
there is an optimum temperature and intensity of illumination for 
ie? production of plant pigments, and that soil moisture plays a minor 
role, 

Carotene values reported by Kemmerer et al. (10) for three samples 
of fresh Dallis grass fall within the range of values reported for 
this study. 

Attention should be called to the wide variation in carotene values 
(table 1) of samples from four different plots collected on the same 
day. The differences between plots with respect to the carotene con- 
tent of the grasses were not consistent, and any isolated determination 
is therefore of little significance. However, a seasonal trend may 
be discerned from the accumulation of these values over the growing 
season. 

There is a similarity between the seasonal trends of carotene and 
protein within each species (table 1), but between species the trends 
are quite different. The relationships between the content of caro- 
tene and protein of the two grasses are indicated by the coefficients of 
correlation, +0.73 for 40 samples of Dallis grass and +0.52 for 31 
samples of carpet grass. These correlations are lower than those re- 
ported for various herbages cut according to stage of growth (9, 14, 14, 
22, 23), but they compare favorably with the correlation of +0.53 
reported by Thomas and Moon (26) for 46 samples of mixed herbage 
collected by periodic mowing of plots at set intervals. 

For Dallis rass, which has the greater seasonal variation in compo- 
sition, the sodicieats of correlation interrelating the carotene, protein, 
lignin, cellulose, and calcium are all highly significant. However, in 
the case of carpet grass, which has less seasonal variation, the only 
significant correlation was between protein and carotene. This is 
presented as strengthening evidence for the parallelism between the 
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production of carotene and an increasing content of total nitrogen in 
plant material. 

Lush (17) stated that the seasonal trends of protein in mixed grasses 
and clovers from Louisiana pastures were from high spring values to 
low midsummer values. In the present study this was true of Dallis 
grass but not of carpet grass (table 1). 

Stansel et al. (25), in pasture studies on the Gulf Coast prairie of 
Texas, collected samples from pure stands of carpet and Dallis grass 
cut at monthly intervals with a lawn mower. Although the mowed 
grass was higher in protein content than grass from unmowed areas 
they observed no seasonal trend in the protein content of either species. 
Their protein values for 15 collections over two growing seasons aver- 
aged 9.2 percent for carpet grass‘and 10.3 percent for Dallis grass. 
The grand averages found in the present investigation are consider- 
ably greater for Dallis grass. These values are 10.6 percent for carpet 
grass and 14.0 percent for Dallis grass. 

Seasonal trends of lignin and cellulose obtained in this study were 
similar for both species. Relatively high values for lignin were 
reached early in the season. The over-all average for the lignin con- 
tent of carpet grass was considerably lower than that for Dallis grass, 
indicating a lower content of undigestible carbohydrates in that species. 
It is suggested that lignin and cellulose values may be used as an ap- 
proximate index to the average stage of maturity of the grass in any 
one sample collected during this investigation. 

The seasonal trends in calcium content of carpet and Dallis grass 
are quite dissimilar (table 1). Calcium values presented in this paper 
fall within the range reported by Texas workers (5, 6,25) for carpet 
and Dallis grass, i. e., 0.23-0.46 percent for carpet grass and 0.25-0.61 
percent for Dallis grass. 

Maximum phosphorus values of carpet and Dallis grass were reached 
in May following a period during which there was 8.37 inches of rain, 
but other periods of unusually heavy rainfall were not followed by a 
similar response. The two species appear to respond similarly to vary- 
ing climatic and environmental conditions with respect to phosphorus 
content. 

Phosphorus values from this investigation are considerably higher 
than those reported by the Texas investigators (5, 6, 25), which were 
0.03-0.14 percent for carpet grass and 0.04-0.16 for Dallis grass. The 
differences may have been due principally to good pasture manage- 
ment, and especially to the gage of phosphate fertilizers to the 
experimental plots, for the ‘Texas experiments were carried out on 
phosphorus-deficient soil. 


SUMMARY 


A study was made of the seasonal trends of some nutritionally im- 
portant constituents of two species of pasture grass, carpet (Awvono- 
pus affinis) and Dallis (Paspalum dilatatum), during a growing season 
of 9 months. The pasture plots had been fertilized, clipped at regular 
intervals to prevent weed growth, and heavily grazed in rotation by 
dairy cattle. : 

On an average and over the greater part of the season, Dallis grass 
had a higher content of crude carotene, crude protein, lignin, cellulose, 
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calcium, petericre. ash, and moisture. However, during the hot 
months of August and September carpet grass was as good as or bet- 
ter than Dallis grass as a source of carotene, protein, calcium, and 
phosphorus. Seasonal maxima in the content of carotene, protein, and 
calcium occurred in early spring for Dallis grass, and in early summer 
for carpet grass. 

Seasonal variation in composition was less for carpet grass than for 
Dallis grass. Carotene, protein, phosphorus, and ash values for both 
species were comparatively low in late summer and rose with the 
advent of cooler fall weather. The moisture content of the two spe- 
cies increased consistently with increasing rainfall. 

Highly significant correlations were found between crude carotene 
and crude protein in both carpet grass (+0.52) and Dallis grass 
(+0.73). Other correlations measuring relationship between organic 
constituents were highly significant for Dallis grass but not for carpet 
grass. There was a difference between species in the general trends 
of carotene, protein, and calcium, but no consistent differences were 
apparent in the trends of lignin, cellulose, phosphorus, ash, and mois- 
ture. 
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